duction had significant lower Tuebingen CD-25 scores (i.e. better health-related quality of life) than patients with selfperceived insufficient symptom reduction (p < 0.05). Similarly, the mean scores of the Tuebingen CD-25 scales were lower in patients without hypercortisolism (total score 27.0 ± 17.2) compared to those with hypercortisolism (total score 45.3 ± 22.1; each p < 0.05), providing evidence for construct validity. Criterion validity was confirmed by the correlations between the Tuebingen CD-25 total score and the CushingQoL (Spearman's coefficient -0.733), as well as all scales of the SF-36 (Spearman's coefficient between -0.447 and -0.700). Conclusion: The analyses presented in this large-sample study provide robust evidence for the construct and criterion validity of the Tuebingen CD-25.
Introduction
Cushing's disease (CD) is a rare pathology resulting from chronic exposure to hypercortisolism due to an adrenocorticotropin hormone-secreting pituitary corticotroph adenoma [1] . Patients with CD suffer not only from visible external changes but also from metabolic, cardiovascular, cognitive, and psychiatric comorbidities. CD is, therefore, a condition that obviously has severe effects on patients' health-related quality of life (HRQoL) [2] . Impairments concerning the HRQoL have been increasingly recognized as an important aspect of clinical management in patients suffering from CD [3] , as HRQoL among CD patients is reduced compared to the general population. Approximately 80% of patients with active CD suffer from impairments in HRQoL compared to age-and sex-matched healthy controls [4, 5] . Postoperatively, one third of all CD patients continue to suffer from impaired HRQoL despite biochemical remission [5] , which is attributed to irreversible effects caused by glucocorticoid excess [6] .
Before the development of the Cushing's quality of life questionnaire (CushingQoL) [7] in 2008, HRQoL and psychosocial impairment were assessed using a variety of non-disease-specific questionnaires, e.g. the Short Form 36 (SF-36) health survey [8] or the Hospital Anxiety and Depression Scale (HADS) [9] . However, all of these questionnaires have the disadvantage that they may miss certain disease-specific aspects of importance. In 2012, we developed the second CD-specific HRQoL inventory, i.e. the Tuebingen Cushing's disease quality of life inventory (Tuebingen CD-25), in order to have a German-language inventory and a multidimensional instrument. The instrument covers 6 domains of HRQoL in CD (i.e. mood, sexual activity, social environment, eating behavior, physical aspects, and cognitive functioning) and provides a total score [10] . The inventory has shown excellent internal consistency (Cronbach's α = 0.94) and a high validity (correlation coefficients between -0.65 and -0.74) [5, 10] , determined by the correlations between the total score of the Tuebingen CD-25 and the overall score of the established WHO Quality of Life-BREF (WHOQoL-BREF [11] ). However, to date, no validity data about the Tuebingen CD-25 against the widely used CushingQoL and the most widely used generic tool for assessing HRQoL, i.e. the SF-36, is available.
The primary aim of the present study was to obtain validity data for the Tuebingen CD-25 in a very large sample of treated CD patients. The objectives were to provide evidence of: (1) construct validity by means of hypothesis testing (self-perceived symptom reduction) and contrasted groups (disease status), and (2) criterion validity through concurrence (correlations with standard measurements).
Materials and Methods

Patients
We report on 176 patients with CD (144 females and 32 males) who were surgically treated at 3 large tertiary referral centers in Germany between 1983 and 2013. One hundred one CD patients were treated at the University Hospital Erlangen, 44 were treated at the University Hospital Tuebingen, and 31 were treated at the University Hospital Essen. All patients were contacted via mail and asked to complete a self-developed questionnaire that covered their sociodemographic background, the history of the disease, and the medical treatment modalities of their disease, as well as the Tuebingen CD-25 and the SF-36. For the 44 patients treated in Tuebingen, CushingQoL data was also available due to an addition to the study protocol.
The clinical characteristics, diagnostic processes, and demographic data (education and work status) have been reported elsewhere [12] and are summarized here ( table 1 ) .
The mean age of the 176 patients at the time of their study participation was 46.1 ± 13.7 years (range 18-88). The mean time between symptom onset and establishment of the diagnosis of CD was 3.8 ± 4.8 years. The mean time between CD diagnosis and study participation was 7.6 ± 7.5 years. Patients were operated on, on average, 1.4 times. When asked about their last measured level of cortisol, 44.3% of the patients (n = 78) stated that the level was normal, 17.0% (n = 30) stated that the level was low, and 5.7% (n = 10) stated that level was still elevated. Fifty-eight patients (33.0%) could not provide precise information about their cortisol level. Thus, 108 patients were considered nonhypercortisolemic for further analyses.
Hydrocortisone replacement therapy was necessary in 52.3% of all patients, growth hormone in 8.0%, thyroid hormones in 39.2%, and sex hormones in 14.2%. Antihypertensive medication was taken by 29.0%, antidepressants by 14.8%, and diabetes medication by 11.9% of the patients. Postoperative radiotherapy was performed in 13.6% of the patients.
The research protocol was approved by the Ethics Committee of the University of Erlangen-Nuremberg (Erlangen, Germany), the Ethics Committee of the University of Tuebingen (Tuebingen, Germany), and the Ethics Committee of the University of EssenDuisburg (Essen, Germany) and was performed under the tenets 62 of the Declaration of Helsinki and its subsequent amendments. Written informed consent was given by all patients prior to participating in this study.
Instruments
The following instruments were used in the research protocol:
Tuebingen CD-25 For the development of the Tuebingen CD-25 [10] technical literature, a board of experienced endocrinologists, pituitary surgeons, and a neuropsychologist, as well as previously treated patients with CD, were consulted. For the development of the present inventory, a preliminary inventory comprising 64 HRQoL items was handed out to 63 CD patients. Subsequent item reduction was performed by means of the classical test theory, including analysis of items, internal consistency, and patterns of correlation, as well as confirmatory factorial analysis. Twenty-five items remained in the final version of the questionnaire. The Tuebingen CD-25 covers 6 essential HRQoL dimensions in CD: (1) depression, (2) sexual activity, (3) environment, (4) eating behavior, (5) bodily restrictions, and (6) cognition. The mean completion time is 10 min, which is highly desirable as it allows use in both research and realtime clinical settings.
Response options are given on a 5-point Likert type scale from 0 (strongly disagree) to 4 (strongly agree). In order to be able to compare the different subscales, it has been predetermined that each subscale and the total score have a minimum score of 0 and a maximum score of 100, with higher scores representing a lower QoL. The summed item raw scores for each subscale form a raw subscale score which then has to be transformed via a simple linear transformation by applying the following formula:
attained RS of the respective subscale TS max PS of the respective subscale 100, where TS is the transformed score, RS is the raw score, and PS is the possible score (each scale has another possible score). The total score of the inventory is theoretically obtained using the same formula; however, a transformation for the total score is not necessary since the maximum raw score is -due to the 25 items -already 100. Thus, in the case of the total score the raw score corresponds to the transformed score.
Cushing's Quality of Life Questionnaire The CushingQoL [7] is the first developed and validated disease-specific HRQoL inventory for CD consisting of 12 items on a 5-point Likert scale. The total score ranges from 12 to 60 and is converted to a scale of 0-100, with 0 indicating the worst HRQoL and 100 indicating the best HRQoL.
Short-Form Health Survey
The SF-36 [8] questionnaire comprises 36 items and records general well-being. The items are formulated as statements or questions to assess 8 health concepts: (1) limitations in physical activities because of health problems (physical functioning), (2) limitations in usual role activities because of physical health problems (physical role), (3) pain (bodily pain), (4) general health perceptions and changes in health (general health), (5) energy and fatigue (vitality), (6) limitations in social activities because of physical or emotional problems (social functioning), (7) limitations in usual role activities because of emotional problems (emotional role), and (8) psychological distress and well-being (mental health). Transformed scores are expressed on a scale of 0-100 points, with higher scores associated with a better quality of life.
Body Mass Index
The BMI was determined from the demographic and medical history questionnaire based on the patients' mass and body height. The BMI was shown to be a predictor of HRQoL in treated CD patients [13] .
Demographic and Medical History Questionnaire A survey was conducted to assess information on cohort characteristics. Patients received a self-developed 51-item questionnaire. Next to covering sociodemographic data (e.g. age, level of education, marital and occupational status, weight, and height), the course of diagnostic process, the time from the onset of symptoms to CD diagnosis, the time between CD diagnosis and study participation, treatment, and perception of symptom reduction after surgical treatment were assessed. Self-perceived symptom reduction estimation was included for construct validation and was evaluated based on 4 answer choices (no reduction, slight reduction, strong reduction, and complete reduction).
Additionally, patients were asked to indicate whether the last measured cortisol value was classified as low, normal, or elevated in order to identify the group of cured patients. This group was included for construct validation (contrasted groups) in relation to the group of hypercortisolemic patients (for further information, see Evaluation Methods).
Evaluation Methods
The 176 patients completed all of the questionnaires at the same time. Analyses were based on classical psychometric methods. The evidence for construct validity (hypothesis testing) was based on responses to the question: 'How strong have your symptoms decreased by the medical treatment of CD (no reduction, slight reduction, strong reduction and complete reduction)?' by investigating whether there were group differences with respect to the scores. Further verification of construct validity (contrast groups) was obtained by means of HRQoL comparisons in relation to the current disease status (patients without vs. with hypercortisolism). Since the group of hypercortisolemic patients (n = 10) in the present sample was too small for statistical comparisons, we included the data of 43 nonredundant patients from the Tuebingen CD-25 development study [4, 10] and the data of 12 recently diagnosed hypercortisolemic (i.e. after admission for neurosurgical treatment) CD patients from the Department of Neurosurgery in Tuebingen, amounting to a total sample size of 55 hypercortisolemic CD patients. Of these, 44 were female and 11 were male; the mean age was 50.5 ± 15.9 years. Their data was compared to that of the 108 nonhypercortisolemic patients from the present cohort. Both groups were similar concerning gender distribution (χ 2 [1] = 0.465, p = 0.495). Evidence of criterion validity (concurrent validity) was obtained by examining the correlation of the Tuebingen CD-25 with the SF-36 and the CushingQoL. Additionally, the concurrent validity of the eating behavior scale of the Tuebingen CD-25 was assessed by correlating the score with the BMI. The correlations between the Tuebingen CD-25 and the SF-36 and the CushingQoL, respectively, were hypothesized to be negative and those with the BMI were expected to be positive. Correlations were defined based on Spearman's coefficient as follows: highly strong, coefficient >0.70; strong, coefficient 0.5-0.7; moderate, coefficient 0.30-0.50, and weak, coefficient <0.3.
Statistical Methods
Data were analyzed using SPSS (Statistical Package for the Social Sciences) version 21.0 for Windows. Descriptive statistics were used to analyze sociodemographic and clinical characteristics (e.g. age, time to diagnosis, and time since diagnosis) using means and standard deviations (SD) for parametric data. The number of patients was used for categorical variables (e.g. gender, education, and work status). Differences in gender distribution between 2 groups were evaluated using the χ 2 test. The Kolmogorov-Smirnov test resulted in nonnormally distributed data for the Tuebingen CD-25, the SF-36, and the BMI. A multivariate analysis of variance (MANOVA) was used to determine whether there were any differences between the 4 symptom reduction groups (i.e. no reduction, a slight reduction, a strong reduction, or complete reduction) on the scales of the Tuebingen CD-25 (hypothesis testing). Then, we followed up the significant ANOVAs with Tukey's honestly significant difference post hoc tests (multiple comparisons). Regarding comparisons between patients without hypercortisolism and those with hypercortisolism, to evaluate contrasted group validity, a MANOVA was used as well subsequent univariate ANOVAs. Due to the nonnormal distribution, Spearman's rank correlation coefficients were calculated to evaluate concurrent validity by correlating the Tuebingen CD-25 with standard measurements. p < 0.05 was considered statistically significant.
Results
The detailed HRQoL data of the 176 treated patients is presented in table 2 . In the present cohort, the mean total score of the Tuebingen CD-25 was 29.2 ± 18.5. Regarding explicitly the patients who reported being eucortisolemic or hypocortisolemic (n = 108), the mean total score on the Tuebingen CD-25 was 27.0 ± 17.2, comparable to that in a previous study [5] , with a mean score of 27.6 ± 20.6 in cured CD patients.
Construct Validity: Hypothesis Testing
The MANOVA revealed a significant multivariate main effect for self-perceived symptom reduction [Wilks' λ = 0.743, F(21, 414.04) = 2.148, p < 0.01]. Given the significance of the overall test, the univariate main effects were examined. Significant univariate main effects for self-perceived symptom reduction were obtained for all subscales and the total score on the Tuebingen CD-25. The results of the univariate ANOVA tests are shown in table 3 .
Post hoc analyses with the Tukey honestly significant difference test showed that mean depression scores were statistically significantly different between the groups no reduction and strong reduction (p < 0.01) and no reduction and complete reduction (p < 0.01), but not between no reduction and slight reduction (p = 0.299) or strong reduction and complete reduction (p = 0.404). Mean sexual activity scores were statistically significantly different between the groups slight reduction and strong reduction (p < 0.05) and slight reduction and complete reduction (p < 0.01), but not between no reduction and slight reduction (p = 1.000) or strong reduction and complete reduction (p = 0.863). In the scale environment, patients with no self-perceived symptom reduction had significant higher scores (i.e. a lower HRQoL) compared to patients with self-perceived complete symptom reduction (p < 0.05). Moreover, mean environment scores were statistically significantly different between the groups slight reduction and strong reduction (p < 0.05) and slight reduction and complete reduction (p < 0.001), but not between no reduction and slight reduction (p = 1.000). However, there was a clear trend for a significant difference between the groups strong reduction and complete reduction (p = 0.051).
Regarding the eating behavior scale, patients with a self-perceived slight reduction had a significant lower HRQoL compared to patients with a self-perceived complete symptom reduction (p < 0.01). Mean bodily restriction scores were statistically significantly different be- tween the groups slight reduction and strong reduction (p < 0.05) and slight reduction and complete reduction (p < 0.05), but not between no reduction and slight reduction (p = 0.961) or strong reduction and complete reduction (p = 0.886). Regarding the cognition scale, patients with a self-perceived complete symptom reduction scored significantly better than patients with a self-perceived slight symptom reduction (p < 0.01). There was also a clear trend towards significant differences between the groups no reduction and complete reduction (p = 0.053) and slight reduction and strong reduction (p = 0.062), but not between no reduction and slight reduction (p = 1.000) or strong reduction and complete reduction (p = 0.174).
For the total score of the Tuebingen CD-25, analyses showed that mean scores were statistically significantly different between the groups no reduction and complete reduction (p < 0.01), slight reduction and strong reduction (p < 0.01), and slight reduction and complete reduction (p < 0.001), but not between no reduction and slight reduction (p = 1.000) or strong reduction and complete reduction (p = 0.131).
Construct Validity: Contrasted Groups
The results of the assessment of contrasted group validity performed on the Tuebingen CD-25 are shown in table 4 . The MANOVA revealed a significant multivariate main effect for current disease status [Wilks' λ = 0.742, F(7, 154) = 7.656, p < 0.001]. Significant univariate main effects for current disease status were obtained for all subscales and the total score on the Tuebingen CD-25 (each p < 0.05), meaning that the mean scores on the Tuebingen CD-25 scales were significantly lower (i.e. a better HRQoL) in patients without hypercortisolism (total score 27.0 ± 17.2) compared to those with hypercortisolism (total score 45.3 ± 22.1).
Criterion Validity: Concurrent
As shown in table 5 , the Tuebingen total score correlated with all scales of the SF-36 and the CushingQoL. Highly strong correlations (i.e. Spearman's coefficient >0.70) were found between the Tuebingen CD-25 total score and the CushingQoL score (Spearman's coefficient -0.733; fig. 1 ). Strong correlations (i.e. Spearman's coefficient 0.50-0.70) were found between the Tuebingen Of the 176 patients, 13 (7.4%) provided no information on self-perceived symptom reduction. Values are presented as means ± SD unless otherwise stated. CD-25 total score and the general health, vitality, social functioning, and mental health scales of the SF-36. Moderate correlations (i.e. Spearman's coefficient 0.30-0.50) existed between the Tuebingen CD-25 total score and the physical functioning, physical role, bodily pain, and emotional role scales of the SF-36 survey. The subscales of the questionnaires, which are similar in content (e.g. the mental health scale of the SF-36 and the depression scale of the Tuebingen CD-25, Spearman's coefficient -0.698), correlated more strongly with each other than subdomains that were less related (e.g. the physical role scale of the SF-36 and the depression scale of the Tuebingen CD-25, Spearman's coefficient -0.397).
Scores on the eating behavior scale of the Tuebingen CD-25 correlated only weakly with the SF-36 scales (Spearman's coefficient -0.148 to -0.275). However, they correlated moderately with patients' BMI (Spearman's coefficient 0.441, p < 0.001). Interestingly, scores on the sexual activity scale were not significantly related to the CushingQoL score (Spearman's coefficient -0.189) but were related to the mental health scale of the SF-36 (Spearman's coefficient -0.456).
Discussion
For CD, 2 disease-specific HRQoL inventories are available: the CushingQoL [7] and the Tuebingen CD-25 [10] . Both questionnaires have shown in earlier studies a high reliability, validity, and sensitivity to change [5, 14] . The advantage of the CushingQoL is its short processing time (94% of patients complete the questionnaire in a mean time of 4 min). The authors have also managed to find a mapping function which successfully predicts the EQ-5D [15] UK utilities from disease-specific Cushing-QOL scores [16] . To date, the quite recently developed Tuebingen CD-25 inventory has not been validated in a very large sample of treated CD patients. For this pur- pose, we collected data from 176 CD patients who were surgically treated during the last 3 decades in 3 large tertiary referral centers in Germany. The construct validity of the Tuebingen CD-25 was assessed via hypothesis testing as well as contrasted groups. For hypothesis testing, patients were asked to subjectively rate their symptom reduction. In fact, patients who reported an insufficient symptom reduction showed significant higher scores on the inventory (i.e. a lower HRQoL) compared to those who rated their symptom reduction as strong or complete. Construct validity was also confirmed by the contrasted group approach as patients with hypercortisolism showed a significantly lower HRQoL compared to those without hypercortisolism in all scales of the Tuebingen CD-25. Similar, in the study of Webb et al. [7] , patients with current hypercortisolism scored worse than those without.
Evidence for criterion validity (concurrent) was provided by correlations between the Tuebingen CD-25 and other well-validated inventories. The total score correlated with all dimensions of the SF-36 (Spearman's coefficients between -0.447 and -0.700). Correlations were even higher when correlating the Tuebingen CD-25 with the previous standard, i.e. the CushingQoL, obtaining a Spearman's coefficient of -0.733. As the SF-36 is a generic questionnaire and was not designed to specifically target HRQoL in CD, it should be expected that the correlation to a disease-specific questionnaire, such as the CushingQoL, is higher.
Since the SF-36 and the CushingQoL do not cover the domain of patients' sexual activity and eating behavior, we only found none to weak correlations between these two scales of the Tuebingen CD-25 and the CushingQoL and the SF-36. However, in other diseases, e.g. multiple sclerosis [17] and diabetes [18] , sexual dysfunction has been found to represent a substantial disease aspect that contributes negatively to the quality of life. Therefore, we assume that impaired sexual activity is a burden for CD patients as well. However, this aspect of CD is frequently not addressed, since clinicians commonly concentrate on the classical endocrinological deficits.
Concerning the eating behavior scale of the Tuebingen CD-25, we found that it was moderately correlated with the patients' BMI. A high BMI was shown to be a predictor for a worse HRQoL in CD [13] ; therefore, we assume that questions covering eating behavior and body weight are relevant aspects in CD.
The Tuebingen CD inventory is, despite its high level of detail, suitable in a busy clinical surrounding since the questionnaire is self-explanatory and its completion requires no monitoring. Thus, patients can complete the inventory during their waiting time. Furthermore, determination of the total score requires simple mental arithmetic. Overall, 25 responses between 0 and 4 must be added and no further transformation for the total score (maximum 25 × 4 = 100) is mandatory since here the raw score corresponds to the transformed score. Concerning the subscales of the Tuebingen CD-25, a simple linear transformation is needed to obtain the transformed scores. Afterwards, by means of the transformed scores clinicians can easily determine whether a patient is affected or not by using the cut-off values (see the updated age-and sex-normed reference values from Milian et al. [4] published as corrigendum in 2013).
The advantages of the Tuebingen CD-25 compared to the CushingQoL are 3-fold: (1) the simple adding of the answers allows quick analysis of the total score since in this case no transformation is mandatory, (2) the inventory offers, beyond the total score, a more detailed view of the HRQoL due to the 6 subscales, including sexual activity and eating behavior, and (3) the normative data for the inventory allows interpretation of the scores. Thus, the inventory is suitable for application in clinical research, i.e. for evaluation of the therapeutic response and group comparisons in clinical trials, and in clinical practice for evaluating individual trends. Based on impairment of HRQoL for the different subdimensions, specific support can be offered to the patients. The disadvantages of the Tuebingen CD-25 compared to the CushingQoL are its longer completion (mean 10 min) and evaluation time (in case that all subscales are evaluated separately). In addition, in contrast to the CushingQoL, the Tuebingen CD-25 does not include questions about bodily pain.
Whether the Tuebingen CD-25 questionnaire is also suitable for patients with Cushing's syndrome needs to be addressed in a further study. Although both pathologies manifest with the same clinical signs and symptoms, patients with CD may have different quality of life concerns, especially after long-term remission, because of having a tumor on the pituitary and going through brain surgery.
A limitation of the present study is that we could not report on hormone assessment in the group of 176 patients since they were contacted by mail. Thus, the patients' information on cortisol levels was used for the assessment of disease activity. However, we assume that the information of the patients is valid since the other patients, who were not aware of their disease status, gave no information. Because the group of patients who reported suffering from elevated cortisol levels was too small for statistical comparisons, we had to include further data from 55 CD patients to investigate construct validity (contrasted group approach).
Conclusion
The analyses presented in this large sample of treated CD patients provide evidence for the construct and criterion validity of the Tuebingen CD-25. The results emphasize that disease-specific questionnaires should be used for valid HRQoL assessment in CD since generic questionnaires are prone to overlooking important aspects.
